INTRODUCTION
cages made using two stainless-steel colanders (21 cm in diameter, 1 mm mesh size, Minamishima et al., 2004) . The cages were covered with a semitransparent plastic roof as a rain guard, and hung from the branches of an apple tree in a yard until used in experiments. Progeny larvae were reared on young apple fruits by adopting the rearing method of G. molesta (Tanaka, 1991) .
Investigation of mating time. Eight females and males (2-3 d-old) were transferred into another globular cage. Copulation was observed at 30-min intervals from 10:00 to 15:00, and at 15-min intervals from 15:00 to 21:00. After sunset (19:10), a small flashlight covered with red cellophane paper was used as a light source for observation. The females were collected and dissected the following morning to determine whether or not they had mated, as indicated by the presence or absence of spermatophores in their bodies.
Extraction of sex pheromone. Three-day-old females were anesthetized by CO 2 gas, and the sex pheromone glands were excised under a binocular microscope between 17:30 and 18:00. Each gland was extracted to a conical vial containing 50 ml of n-hexane. Sex pheromone glands from 16 females were extracted, and each sample was stored in a refrigerator until analysis. In addition to the above, sex pheromone glands of 70 virgin females from a culture line were extracted into about 500 ml of nhexane (mass extraction).
Analysis with gas chromatography-mass spectrometry (GC-MS). A gas chromatograph-mass spectrometer (SX102, JEOL, Tokyo, Japan) was used. The temperature of the GC-MS interface was 220°C. A capillary column (FFAP, 0.25 mm I.D.ϫ30 m, 0.25 mm film thickness, GL Sciences Inc., Tokyo, Japan) was used under a programmed oven temperature regime (from 60°C for 1 min up to 220°C at 7°C/min). An HP-inowax capillary column (0.25 mm I.D.ϫ30 m, 0.25 mm film thickness, Agilent Technologies Inc., Palo Alto, CA, USA) was used under a programmed oven temperature regime (from 50°C for 1 min up to 210°C at 7°C/min). The purge delay time was 60 s. Helium gas was used as a carrier at a constant flow rate of 1 ml/min. The ionization voltage was 70 eV in the electron impact mode.
Prior to analysis, solvent was evaporated from each sample using a gentle stream of N 2 gas until ca. 4 ml of solution remained. For analysis, ca. 2 ml (0.5 female equivalents) was injected into the GC-MS. The remainders of each sample were gathered in a conical vial, and used to obtain complementary data of the individual analysis.
Calculation of the amounts of compounds in a female pheromone gland. The amount of (Z)-8-dodecenyl acetate (Z8-12:Ac) possessed in a female was fixed at 100, and the relative amounts of the other compounds were calculated. Moreover, the coefficient of variation (CV(%)ϭ(standard deviation/average)ϫ100) was also calculated. The CV is utilized to measure relative variation among compounds that differ in the magnitude of their mean (Collins and Cardé, 1985; Du et al., 1987; Ono et al., 1990) .
Preparative fraction collector-gas chromatography (PFC-GC). Preparative fraction collection was performed by GC (6890N, Agilent Technologies Inc., Palo Alto, CA, USA) with an FFAP column (0.56 mm I.D.ϫ15 mϫ1 mm, GL Sciences Inc., Tokyo, Japan) coupled to a preparative fraction collector (PFC, Gerstel and GmbH Co. KG, Mulheim an der Ruhr, Germany). The oven was controlled under the following temperature program: 50°C for 1 min, increased to 220°C at 10°C/min. Helium was used as the carrier gas (3 ml/min).
Chemicals. The chemicals (i.e., n-dodecyl acetate (n-12:Ac), (E)-8-dodecenyl acetate (E8-12:Ac), Z8-12:Ac, n-dodecanol (n-12:OH), (Z)-8-dodecen-1-ol (Z8-12:OH), n-tetradecyl acetate (n-14:Ac), (E)-8-tetradecenyl acetate (E8-14:Ac) and (Z)-8-tetradecenyl acetates (Z8-14:Ac)) were synthesized by Shin-Etsu Chem. Co., Ltd. These chemicals were more than 99% pure after purification of the HPLC column on Nucleosil 5SA (250ϫ4.6 mm I.D.) loaded with Ag ions (van Beck and Subrtova, 1995) . Each chemical was diluted with n-hexane, and mixtures for the field trap test were prepared. Solvent was purchased from Wako Pure Chemical Industries (Osaka, Japan).
Field trap tests. In order to investigate the attraction activity of different blend ratios of E8-and Z8-12:Ac, and synergistic or inhibitory activity of the other six compounds found from the female glands, field trap tests were carried out in a Japanese plum orchard (0.06 ha) at the Yamanashi Fruit Experimental Station in 2002 and 2004 . No insecticides that influence the population density of lepidopteran pests were sprayed at the orchard during the test periods. Sticky traps (white-type SE trap, ᭝-shaped section, 29 cmϫ32 cmϫ8 cm height, Sankei Chem. Co., Kagoshima, Japan) were placed about 1.5 m above the ground at intervals of more than 4 m. Each hexane solution sample was loaded to each gray rubber septum (8 mm O.D., West Co., Singapore), and the septum was kept at room temperature for 24 h before being attached to the trap. The number of trap catches was checked at 3-7 d intervals, and the positions of the traps were rotated after every check. The details of each test are described in the footnotes of the tables.
Monitoring used sex pheromone trap. A rubber septum impregnated with E8-12:Ac (150 mg) and Z8-12:Ac (850 mg) and Pherocon ® -OFM (impregnated with E8-12:Ac (6.05 mg), Z8-12:Ac (94.05 mg) and Z8-12:OH (9.9 mg) in a septum, Trécé Inc., Oklahoma, USA) were used as lures for G. dimorpha and G. molesta, respectively. The septa were installed in the respective sticky traps (white-type SE trap). They were set as stationary traps at intervals of 5 m in a Japanese plum orchard (0.1 ha) at the Fruit Tree Experiment Station on 12 April 2004. Throughout the season, no insecticides for lepidopteran pests were used in the orchard. The number of trap catches was checked weekly until 29 October. Sticky plate replacement depended on the number of trap catches or the condition of the sticky surface, and the lures were replaced every month. The criteria of Komai (1979) were applied for discrimination between G. dimorpha and G. molesta.
RESULTS AND DISCUSSION
Investigation of mating time (Fig. 1) Six out of eight females mated during the observation period, and in half of these (three females), mating began from 17:00 to 18:00. Success of mating by the six females was confirmed by dissection, which revealed the presence of spermatophores. The results indicated that the onset of copulation occurs mainly before sunset. The data led us to conclude that extraction of the sex pheromone gland should be performed between 17:30 and 18:00. (Table 1) Unsaturated 12-carbon chain compounds are included as sex pheromones and attractants of Grapholitini (Komai, 1999) . Seven peaks, which were estimated to be 12 to 14-carbon chain compounds, were found in GC-MS analyses using an FFAP column. Under the same conditions, the retention times of authentic , 49) ). These two compounds were detected in all samples. The average amount of Z8-12:Ac was 2.9 ng per female.
Analysis of individual female sex pheromone glands
Three compounds with retention times of 14.83 min, 15.99 min and 17.70 min were identified as n-12:Ac, n-12:OH and n-14:Ac, respectively, by comparing their retention times and MS spectra with those of authentic compounds.
The peak with a retention time of 16.66 min was speculated to be mono-en alcohol with a 12-carbon chain based on its GC-MS spectrum. In order to determine the chemical structure, the compound in the mass extract obtained from 70 females and the remainder of individual extracts were purified by PFC-GC. These were acetylated with acetyl chloride at room temperature, and then injected into GC-MS after extraction with n-hexane. The retention time was the same as that of authentic Z8-12:Ac, and the MS spectrum was almost the same. The results indicated that the compound with a retention time of 16.66 min was Z8-12:OH. This was detected in only half of the samples. The data suggest that Z8-12:OH is not important in the sex communication of G. dimorpha.
A twin GC-MS peak was found at 18.13 min. Their MS spectra were considered to be mono-en acetates with 14-carbon chains, but the peaks were inseparable in the FFAP column. When an HP-inowax column was used, the twin-peak separated into two. The remainder of the individual extracts and the mass extract were purified by PFC-GC. The purified sample was injected into the GC-MS with the HP-inowax column, and two compounds were eluted at 19.46 min (peak C) and 19.51 min (peak D). Under the same conditions, the retention times of authentic (Z)-9-, (E)-9-, (Z)-8-, (E)-8-, (Z)-7-, (E)-7-, (Z)-6-and (E)-6-tetradecenyl acetates were 19.60, 19.53, 19.51, 19.46, 19.45, 19.44, 19.38 and 19 .41 min, respectively. The retention times of peaks C and D were the same as those of E8-14:Ac and Z8-14:Ac, respectively. The MS spectra of peak C (m/z (relative intensities): 61(6), 67 (68) Abbreviation: Z8-12:Ac ((Z)-8-dodecenyl acetate), n-12:Ac (n-dodecyl acetate), E8-12:Ac ((E)-8-dodecenyl acetate), n-12:OH (n-dodecanol), Z8-12:OH ((Z)-8-dodecen-1-ol), n-14:Ac (n-tetradecyl acetate), #14:Ac (mixture of (E)-and (Z)-8-tetradecenyl acetates). a Approx. 1 : 2 mixture of (E)-and (Z)-8-tetradecenyl acetates. b Retention time.
-: Less than limit of detection.
12:Ac to Z8-12:Ac was the lowest (20.7%) among all the compounds. In Yponomeuta padellus, variation in the component ratio released by individual females was lower for (E) to (Z)-11-tetradecenyl acetate than for other components in the blend (Du et al., 1987) , and these E/Z isomers were identified as essential components of the sex pheromone for the species (Löfstedt and Van Der Pers, 1985) . These studies suggest that the blend ratio (17.4:100.0 (ϭ15:85)) of E8-and Z8-12:Ac produced by individual females may be important in the sex communication of G. dimorpha.
Attraction activities of blends of (E)-and (Z)-8-dodecenyl acetates
The attraction activity of a binary blend of E8-12:Ac (174 mg) and Z8-12:Ac (1,000 mg) was compared with those of single compounds using a field trap test (Table 2 ). The mixture attracted 16 males; on the other hand, no male moth was attracted to either E8-12:Ac or Z8-12:Ac alone. The two compounds were suggested to be essential for male attraction.
The other six compounds found in the sex pheromone gland were added to the respective binary blends, and these attraction activities were examined using field trap tests (Table 3) . Though the average trap catches of male G. dimorpha ranged from 1.9 to 5.8, they were not significantly different by Tukey's test. The six compounds were considered to be inert with regard to male attraction in G. dimorpha. On the other hand, male moths of G. molesta were attracted to only lures treated with Z8-12:OH or Z8-14:Ac (Table 3) . Linn and Roelofs (1983) showed that Z8-12:OH was essential for G. molesta in complete flight to the source in a wind tunnel. We assume that the males caught in the traps containing Z8-12:OH did not enter the traps accidentally, but were actively attracted to the combined mixture of the three compounds contained in the lures.
Attraction activities of 40 : 60, 25 : 75, 20 : 80, 15 : 85 (ϭ17.4 : 100) , 10:90 and 5 : 95 blends of E8-and Z8-12:Ac were compared (Table 4 ). The mean trap catches for the 20 : 80, 15 : 85, and 10 : 90 blends were significantly higher than those of other blends, and the mean catch for the 15 : 85 blend was the highest of all. In G. dimorpha, the acetate mixture of 15 : 85 was the best attractant, and in addition, it was almost identical to the mixture that the females were producing (Table 1) . These results strongly suggest that the blend is the sex pheromone of the species, and it can be anticipated for use as an effective monitoring tool for the seasonal prevalence of occurrence.
Monitoring utilized sex pheromone traps
The seasonal prevalence of occurrence of G. dimorpha was investigated utilizing lures impregnated with E8-12:Ac (150 mg) and Z8-12:Ac (850 mg) (Fig. 2A) . The results indicated that G. diSex Pheromone of Grapholita dimorpha 525 morpha had four generations in Yamanashi. The overwintering, first, second and third generations were found from late-April to mid-May, June, July and mid-August to September, respectively. The peak of the third generation was smaller than that of the second. The decrease is considered to indicate that most of the third generation larvae enter diapause from late-August (Oku et al., 1988) . No male moth of G. molesta, which is a species closely related to G. dimorpha, was caught at a trap containing the binary blend. These results suggest that the lure is a useful tool for specific monitoring of G. dimorpha. The trap containing Pherocon ® -OFM lured not only G. molesta, but also many males of G. dimorpha (Fig. 2B) . The data suggest that the species specificity of the lure is not high. When the lure is used for monitoring where the two species occur, it is necessary to discriminate between male G. dimorpha and G. molesta trapped. The very small catches of G. molesta in the trap with Pherocon ® -OFM are assumed to indicate a low-density population. In the future, we will monitor the seasonal prevalence of occurrences utilizing both lures where the population density of G. molesta is high. a Test period was from 25 July to 4 September 2002 in Yamanashi. The number of trap catches was checked every week, and the positions of traps were changed by rotation after each check. b Total amount of E8-and Z8-12:Ac per septum was 1,000 mg. c Data (X) were transformed to the square root of (Xϩ0.5) and compared by variance analysis. Means followed by the same letter are significantly different at the 5% level by Tukey's test.
